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Abstract  
With a series of experimental studies on oxidation by using potassium ferrate for removal of 3-methylphenol m-
cresol in the laboratory, the results showed that the removal efficiencies were definitely impacted by pH values, 
initial concentration of 3-methylphenol solutions and added K2FeO4 dosage. The optimal pH values needed to be 
controlled at two intervals at 5.0-6.0 or  9.0 respectively when the advantageous input of K2FeO4 should have a mole 
ratio about 4:1 or 3:1 to 3-methylphenol concentrations. At pH6.0 and 20°C, the maximum removal of 3-
methylphenol with the initial concentrations of 50-300mg/L could reach 70% if the mole ratio between the 
added K2FeO4 and 3-methylphenol was 3:1 in the solution during the reaction time of 30min. The existence of 
inorganic salts such as MgSO4 could significantly affect the removal rates, for instance, the removal of 3-
methylphenol could be enhanced by 25% if adding MgSO4. into the reaction solution.   
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
In water treatment processes, chemical oxidation is a common and valid technique used to kill harmful 
bacteria and remove synthetic organic matters or some heavy metals. The chemical oxidants used 
currently include chlorine, ozone, chlorine dioxide , and potassium ferrate etc. Their redox potentials are 
compared in Table 1 from which it could be found that potassium ferrate (K2FeO4) is the strongest 
oxidant among all the commonly-used oxidants. Under the acidic conditions, the redox potential of 
ferrate(VI) ions (2.2 V) is higher than that of molecular ozone (2.0 V). Moreover, the product of the 
ferrate(VI) oxidation reactions is considered to be ferric hydroxide, which is a useful coagulant and will 
enhance the water treatment performance[1]. As an environmental friendly oxidant, potassium ferrate 
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(K2FeO4) has become the best choice to use in industrial wastewater treatment due to its strong capability 
for degradation of many organic pollutants in addition to the formation of reduction product ferrate( ) 
i.e.  intoxicant Fe(OH)3[2].   
3-methylphenol m-cresol has been categorized as a dangerous and toxic pollutants by 
USEPA since it is a widely used chemical intermediates especially in chemical industries for 
synthesizing pesticides, pharmaceutic and refinery sensitive materials and spices. Due to its toxic, 
carcinogenic and mutative properties, it has also been listed as one of 68 kinds of environmental 
priority pollutants by Chinese EPB. Being difficult to be bio-degradable, 3-methylphenol could 
usually be removed by the effective oxidation reaction in wastewater treatment plant, which is 
considered to be the most simple, economical and effective method to deal with 3 -methylphenol in 
addition to the adsorption approaches[3]. In this paper, 3-methylphenol was removed with oxidation 
by using potassium ferrate, and the influential factors on removal efficiency were investigated in 
order to provide the theoretical basis for practical application in wastewater treatment plants.  
Table 1. Redox Potentials of common oxidants under standard reactions.     
2. Facilities and wastewater preparation  
2.1. Prepapration of wastewater for experiments 
The standard wastewater containing 3-methylphenol for the experiments was artificially prepared 
with distilled water in the laboratory. The concentration of 3-methylphenol in the standard wastewater 
was precisely calibrated as100mg/L . 
2.2. Equipment and reagents 
electronic balance (FA 1004), A set thermal constant temperature heating magnetic stirrer (F-101S), 
pH meter (PHS-3D), Ultraviolet-visible spectrophotometer (UV-2102),  Electro-thermal blower (101-
2AS). 
Potassium ferrate (self-made in laboratory with purity of 83.4%), 3-methylphenol(99%), NaOH, HNO3, 
phosphate buffer and borate buffer  were purchased with the analytical grade. All the solutions were 
prepared with distilled water. 
Oxidants Oxidation reactions Redox Potential (v) 
FeO42- 
FeO42-+8H+ 3++4H2O 
FeO42-+3H2 3+5OH- 
2.20 
0.72 
O3 O3+2H+ 2O+O2 2.076 
H2O2 H2O2+2H+ 2O 1.776 
MnO4   
MnO4 +4H+ 2+2H2O 
MnO4 +8H+ n2++4H2O 
1.679 
1.507 
ClO2 
ClO2 +O2 
HClO+H+ 2+H2O 
0.954 
1.482 
Cl2 
Cl2  
ClO-+H2 +2OH- 
1.36 
0.84 
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3. Experimental target and methods 
3.1. Target 
The effects of potassium ferrate dosage, pH, initial concentration of 3-methylphenol and MgSO4 on 
removal efficiency of 3-methylphenol were investigated, in order to study on degradation efficiency of 3-
methylphenol in wastewater by oxidation of potassium ferrate and determine the optimal reaction 
conditions. 
3.2. Methods 
At the controlled temperature of  20 , a certain amount of potassium ferrate solutions were added into 
the wastewater when NaOH and HNO3 with concentration 4% and 2% respectively were used to adjust 
pH to be a decided value. Then the reaction flasks were slowly stirred for a period of time. The reacted 
solutions were separated with a sufficient rotation, then supernatant liquid were measured to determine 
the remained 3-methylphenol concentration by using the methods of spectrophotometric difference, 
referring to A method[4]. 
4. Results and discussion 
4.1. Influence of pH on removal rate 
Taking 200mL 3-methylphenol solution with the concentration 100mg/L into the flasks, the solution 
pH values in different flasks were adjusted as 3,4,5,6,7,8,9,10,11, respectively. Then the solution of 
potassium ferrate was added into each flask and kept the constant mole ratio between potassium ferrate 
and 3-methylphenol as 3:1 and 2:1 respectively prior to stirring for 30min. The effects on removal of 3-
methylphenol by potassium ferrate under the different pH  are shown in Fig. 1. 
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Fig. 1. Effects of pH on removal of 3-methylphenol. 
It could be found that the removal rate of 3-methylphenol initially increased with the increase of pH 
values, and reached the maximum at pH 5 6, then slightly decreased with the continuous increase of pH 
values. the removal rate of 3-methylphenol was towards to the maximum again when pH closed to 9, then 
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turned to be declined with the increase of pH. 
These phenomena were mainly due to the alternatives of redox potential of potassium ferrate. At pH 
5 6, the redox potential of potassium ferrate appeared to be the strongest capability under the acidic 
conditions, so the removal rate of 3-methylphenol was obvious effectiveness[5]. However, the reduction 
product of potassium ferrate mainly existed as Fe3+ with the weakened flocculation at the increasing pH 
conditions. When the solution pH increased to 9.0, its reduction and hydrolysate product Fe(OH)3 had the 
dramatic flocculation effects on removal of 3-methylphenol although the redox potential of potassium 
ferrate decreased, but its stability in solution was enhanced. In general, the flocculation reaction gradually 
reduced with the increase of alkalinity in  solution, so the removal rate of 3-methylphenol decreased 
sharply[6]. These experimental results proved that potassium ferrate made efforts on removal of organic 
pollutants such as 3-methylphenol in wastewater depended on both oxidation and adsorption. 
4.2. Impact analysis of initial concentration of 3-methylphenol 
Taking the certain volume of 3-methylphenol solutions into 500mL flasks with the initial 
concentration 0mg/L, 50 mg/L, 100 mg/L, 150 mg/L, 200 mg/L, 250 mg/L and 300 mg/L, respectively. 
The mole ratio between potassium ferrate and 3-methylphenol were 3:1 and 2:1 when solution pH was 
adjusted as 6 prior to stirring the mixed solution for 30min. The removal rates of 3-methylphenol in 
different flasks were measured and the results are shown in Fig. 2 It could be found that the removal of 3-
methylphenol tended to be stable during the initial concentrations of 3-methylphenol increased from 50 
mg/L to 300 mg/L. When mole ratio between potassium ferrate and 3-methylphenol were 3:1 and 2:1, the 
removal rate were 60% and 70% respectively, which generally seemed to increase slowly. If the initial 
concentration of 3-methylphenol was higher than 250mg/L, the removal rate could obviously increase. 
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Fig. 2. Effect of initial 3-methylphenol concentrations on removal of 3-methylphenol. 
The experimental results indicated that the coagulation and precipitation occurred in solution and the 
removal increased significantly after the reactions with the increase of initial concentrations of 3-
methylphenol. If the mole ratio between potassium ferrate and 3-methylphenol was 3:1, the same 
reactions needed the longer time to complete the precipitation process.  
The results also proved that the reasonable mole ratio between potassium ferrate and 3-methylphenol 
could maintain the stable removal rate of 3-methylphenol, in meantime the  treatment of 3-methylphenol 
with the high concentration could relatively resulted in the apparent removal rate in wastewater treatment 
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process, which might be due to the increase of reaction product Fe(OH)3 when the concentrations of 
potassium ferrate and 3-methylphenol increased proportionally in the certain volume of wastewater. 
Definitely, both adsorption and flocculation effects improved the removal rate[7]. 
4.3. Influence of potassium ferrate dosage 
Taking 3-methylphenol solution 200mL with the initial concentration 100 mg/L into 500 mL flasks, 
then solutions of potassium ferrate were added into flasks and the mole ratio between potassium ferrate 
and 3-methylphenol was controlled as 0:1, 0.5:1, 1:1, 2:1, 3:1, 4:1, 5:1 and 6:1 at pH6. After stirring for 
30min, the removal rate of 3-methylphenol under reaction with the different potassium ferrate dosages 
were determined and are shown in Fig. 3. 
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Fig. 3. Effects of K2FeO4 dosages on removal of 3-methylphenol. 
The removal rate of 3-methylphenol increased rapidly at first, and then tended to change slightly with 
the increase of potassium ferrate dosages. When mole ratio between potassium ferrate and 3-
methylphenol was 1:1, the removal reaction of 3-methylphenol took place immediately and could reach 
44.1%. If potassium dosage increased continuously, the removal rate tended to be limited. When mole 
ratio continued increasing from 4:1 to 6:1, the removal rate of 3-methylphenol appeared to be very slow, 
only from 86.2% to 89.9%. 
By using potassium ferrate for removal of 3-methylphenol, the optimal mole ratio between potassium 
ferrate and 3-methylphenol was determined as 4:1, which was compared and verified by the above 
experimental results with the different potassium ferrate dosages. 
4.4. Influence of inorganic salt in water 
Taking 3-methylphenol solution 200mL with the initial concentration 100 mg/L into 500mL flasks, 
and then adjusting solution pH to be 5 and 9, respectively. The mole ratio between potassium ferrate and 
3-methylphenol was controlled as 2:1. After adding the different concentrations of MgSO4 and stirring for 
25min, the removal rates of 3-methylphenol were measured and the results are shown in Fig. 4. 
Fig. 4 indicates that removal rate of 3-methylphenol was enhanced by adding MgSO4 at pH 5 and pH 
9 when the removal rate increased with the increase of MgSO4 concentrations. The treatment effect at pH 
9 was better than that at pH 5. Putting the MgSO4 concentration 1.25g/L gradually into the flask, the 
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removal rate of 3-methylphenol could increase almost by 25%. 
0 200 400 600 800 1000 1200 1400
50
55
60
65
70
75
80
R
em
ov
al
(%
)
Concentration of MgSO4(mg/L)
 pH=9.0
 pH=5.0
 
Fig. 4. Effects of MgSO4 dosages on removal of K2FeO4. 
The experimental results proved that precipitation time was significantly shortened after stirring, and 
the removal effects was much higher than that without MgSO4 adding. This is due to the existence of 
MgSO4 for strengthening adsorption, flocculation and precipitation of Fe(OH)3 which was decomposed 
by potassium ferrate, and improved the stability of potassium ferrate as a response[8]. Furthermore, the 
oxidation time prolonged too. As a result, the removal rate of 3-methylphenol was necessarily increased. 
It also had more advantageous for flocs to be formed if MgSO4 existed, which ensured the adsorption and 
precipitation during reaction processes. 
5. Conclusions 
The research results obtained from the experiments certified that potassium ferrate, as an acceptable 
oxidant, could be applied in wastewater treatment, especially for removal of 3-methylphenol and other 
organic contaminants. The removal effects were impacted by pH of solution, original concentration of 3-
methylphenol, potassium ferrate dosage and existence of inorganic salt in water. For the effective 
application of potassium ferrate in water treatment process, the following procedures must be taken into 
considerations: 
(1) The pH value significantly influenced removal efficiency of 3-methylphenol in solution if using 
potassium ferrate as oxidant for treatment. This is not only due to its  strong oxidation property, but also 
depends on the relevant adsorption and flocculation caused by its hydrolysate product Fe(OH)3. The 
optimal pH interval should be adjusted at 5-6 or around 9. 
(2) The initial concentration of 3-methylphenol had an impact on removal rate from water if applying 
potassium ferrate. At pH6 and 20°C, the maximum removal of 3-methylphenol with the initial 
concentration of 50-300mg/L could reach 70% if the mole ratio between the added K2FeO4 and 3-
methylphenol in the solution was 3:1, and the reaction time must be lasted for 30min, even longer. 
(3) The added dosage of potassium ferrate had a critical influence on removal of 3-methylphenol, and 
had a positive proportion with the removal rate. But the increase of removal rates would appear to be 
stable if mole ratio between K2FeO4 and 3-methylphenol exceeded 4:1 in the solution. Therefore, the 
optimal dosage of potassium ferrate in the application of water treatment had better be 3:1 or little higher.  
(4) The inorganic salt participation could enhance the removal of 3-methylphenol if using potassium 
ferrate as an oxidant, which was resulted from the stability improvement of K2FeO4 by inorganic salts and 
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extension of oxidation time in addition to formation of flocs and promotion of adsorption and 
precipitation in the oxidation reactions. If adding MgSO4 with the concentration of 1.25g/L, the removal 
rates of 3-methylphenol could be increased by 25%  
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